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A HISTOCHEMICAL AUTORADIOGRAPHIC METHOD FOR DEMON-
STRATION OF TYROSINASE IN HUMAN MELANOCYTES,
NEVI AND MALIGNANT MELANOMA*
THOMAS B. FITZPATRICK, M.D., PHI). AND ATSUSHI KUI{ITA, M.T).
Numerous earlier attempts to demonstrate the enzyme tyrosinase in normal
human melanocytes were unsuccessful. It was observed in 1950 (1) that after
irradiating human '" rho with ultraviolet radiant energy, it was possible to
identify tyrosthase in the human epiiermal melanocyte following incubation in
tyrosine. 'With this histochemical method, a precise localization of the enzyme
on melanin granules was obtained. The problem of diffusion of substrate which
seriously limits accurate localization of enzymes with many histochemical pro-
cedures does not exist with this method. Diffusion of substrate is not possible
since tyrosinase is bound to the melanin granule in the cytoplasm of the melano-
cyte. Tyrosine becomes attached to the enzyme and the oxidation and polymeri-
zation to melanin occur on the surface of the melanin granule.
The histochemical method for tyrosinase determination has not been useful,
however, in the study of melanogenesis since it is based on the detection of
newly-formed melanin in the melanocyte and is not applicable to pigment cells
that are already fully melanized. To determine tyrosinase in pigmented melano-
cytes (pigmented skin and hair, nevi and malignant melanomas) we have devel-
oped an autoradiographic histochemical method which utilizes C'4 labeled
tyrosine as the substrate. The conversion of water-soluble tyrosine to insoluble
melanin on the surface of the melanin granule presents a unique opportunity for
the utilization of an in vitro autoradiographic technic. When the tissue is incu-
bated in radioactive tyrosine, those melanocytes containing an active tyrosinase
convert the labeled tyrosine to labeled melanin which is fixed to the melanin
granule. The unreacted, water-soluble radioactive tyrosine is washed out of the
tissue, and it is then possible to record on the photographic emulsion only the
newly-formed radioactive melanin.
In this report we will present the details of the method and its application in
the identification of melanocytes which contain active tyrosinase present in the
normal human hair matrix, blue nevi and malignant melanomas.
METHOD
1. Fresh, unfixed tissue slices, 1—2 mm. thick, were immersed in 2.2 ml. of 0.1 M phos-
phate buffer at pH 6.8 which contained 0.3 microcuries of DL-tyrosine-2-C'4t and 3000 units
of crystalline penicillin G.
2. Incubation was carried out for 24 hours at 370 C in a Dubnoff Metabolic shaker.
* From the Division of Dermatology, University of Oregon Medical School, Portland,
Oregon.
Supported in part by PHS %L-2408 and the Damon Itunyon Memorial Fund for Cancer
Research.
Presented at the meeting of the Society of Investigative Dermatology, Inc., San Fran-
cisco, California, June 19, 1954.
f Obtained from Tracerlab, Tne., Boston, Mass.
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(a)
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FIG. 1. (a) Normal human black hair bulh. The meIanocyte: occupy upper portion
of hair matrix, H&E >< 240. (h) Autoradiograph, lithium carmine, X 240. The active tyro-
sinase in the melanocytes has catalyzed the oxidation of C'1 labeled tyrosine to C14 labeled
melanin. The sites of radioactive melanin are repreAented by the dense masses of silver
grains.
3. As a control, slice: from the same specimen were treated identically as above except
that in addition to the substrate, the tyrosiriase inhibitors, sodium diethyldithiocarbamate
(0.01 M) or 4-chlororesorcinol (0.01 M) were added to the reaction mixture.*
* The inhibited specimen was necessary to detect traces of unreacted tyrosine which
might not have been removed frcm the tissue slices by washing.
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FIG. 2. Primary malignant melanoma, dorsum foot, adult. (a) Histologic section, H&E
>< 100. (b) Autoradiograph, lithium carmine, >< 100. Note abrupt margin of silver deposits
at border of normal epidermis and absence of tyrosinase activity in normal adjoining epi-
dermis.
4. Following incubation, the tissue slices were placed in 10% formalin for one hour and
washed in running water for eight hours.
5. To prepare the tissue for autoradiography (2), the specimens were dehydrated, cleared
in toluene, and embedded in paraffin.
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FTG. 3. Primary malignant melanoma, dorsum foot, adult. (a) Histologic section, H&E
)< 100. The melanin pigment obscures the cytologic details of the cells. (b) Autoradiograph,
lithium carmine )< 100. The dense silver deposits indicating sites of radioactive melanin
are seen extending into the dermis and into the stratum corneum.
6. Paraffin sections, 4 microns in thickness, were mounted directly on Eastman Kodak
1 x 3" NTB3 (25 micron) nuclear track plates.
7. After air-drying the sections were deparaffinized by two changes of xylol for 10 min-
utes each.
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FIG. 4. Primary malignant melanoma, back, adult. (a) Histologic section, H&E x 100.
(b) Autoradiograph, lithium carmine X 100. The cords of malignant melanoma cells are
outlined by the intense silver deposits.
8. The nuclear track plates on which the sections are mounted were stored in black,
light-tight slide boxes, sealed with photographic masking tape, and exposed for two weeks.
9. Following exposure, the nuclear track plates were developed in Eastman D-19 de-
veloper, fixed in 20% sodium hyposulfite, washed and dried in air.
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FiG. 5. Primary malignant melanoma, face, adult. (a) Histologic section, H&E X 100.
(b) Autoradiograph, lithium carmine X 100. Note intense silver deposits indicating that
malignant melanoma cells contain an active tyrosinase system.
10. The sections were then stained with lithium carmine according to a method of Witten
(3).
T)L-phenylalanine-2-C' and dl-trvptophane-2-C, 0.3 microcuries, were also used as
substrates under the same conditions and by the same technic as above.
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FIG. 6. Blue nevus, face, child. (a) Histologic section, H&E X 100. (h) Autoradiograph,
lithium carmine X 100. Note intense depositions of silver grains indicating melanocytes
containing an active tyrosinase system. Dermal melanocytes in blue nevi contain an ac-
tive tyrosinase system.
RESULTS
In Figs. 1—8 the melanocytes containing an active tyrosinase system (2) are
identified by a heavy deposition of silver grains. The tyrosinase contained in the
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FIG. 7. Dermal nevus, shoulder, adult. (a) Histologic section, H&E X 100. (b) Auto-
radiograph, lithium carmine X 100. Tyrosinase within the nevus cells is inhibited and there
is no evidence of radioactive melanin formation.
melanocytes has catalyzed the oxidation of C'4 labeled tyrosine to C" labeled
melanin. The radioactive melanin has produced a latent image in the silver
bromide crystals of the photographic emulsion. The photographic developer then
reduces the grains with latent images to metallic silver. The metallic silver
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FIG. 8. Junctional nevus, sole, adult. (a) Histologic section, H&E X 100. (b) Autoradio-
graph, lithium X 100. The absence of silver grains indicates the presence of an inhibited
tyrosinase system.
grains are seen outlining the melanocytes. The same melanocytes containing an
active tyrosinase did not catalyze the conversion of labeled tyrosine to labeled
melanin in the presence of the tyrosinase inhibitors, sodium diethyldithiocar-
bamate or 4-chlororesorcinol.
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DISCUSSION
The autoradiographic studies provide evidence for the existence of varying
states of tyrosinase activity in normal melanocytes*, pigmented nevi and malig-
nant melanomas:
Inhibited Tyrosinase System Active Tyrosinase System
Normal epidermal melanocytes Normal black hair matrix melanocytes
Junctional nevi "Blue" nevi
Dermal nevi Malignant melanoma
Dermal melanocytes (Mongolian spot and
nevus of Ota)
Although an active tyrosinase system has been shown to exist in the normal hair
matrix melanocytes and blue nevi by autoradiography, quantitative radiochemical
studies with tissue minces have shown a markedly accelerated tyrosine uptake
only in malignant melanoma cells (4).
The incorporation of C'4 labeled tyrosine into melanocytes appears to be a
specific enzymic reaction involving the tyrosinase system for the following
reasons:
1. A copper-binding agent, sodium diethyldithiocarbamate, and a competitive
inhibitor, 4-chlororesorcinol, both completely inhibit the incorporation of labeled
tyrosine.
2. Incorporation of labeled tyrosine does not occur in the albino hair matrix
melanocytes which lack the enzyme tyrosinase.
3. Incorporation of labeled tyrosine occurs only in the melanized or non-
melanized malignant melanoma; other anaplastic neoplasms do not contain
tyrosinase and therefore fail to incorporate labeled tyrosine.
4. Incorporation of radioactive phenylalanine and tryptophane does not occur.
SUMMARY
1. Details of a histochemical autoradiographic method for tyrosinase deter-
mination are outlined.
2. Application of the method in the demonstration of an active tyrosinase
system in the melanocytes of the normal human hair matrix, blue nevi and
malignant melanomas is presented.
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* Only the normal melanocytes of the skin and hair bulb have been studied with this
method. A survey of tyrosinase activity in melanocytes present in the uveal tract, oral and
vaginal mucous membrane and leptomeninges is being made.
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DISCUSSION
DR. HERBERT MESCON (Philadelphia, Penna.): I'd like to ask Dr. Kukita
about how long the tyrosinase activity of their tissue will remain active—number
one, in the ordinary refrigerator—number two, if the entire specimen has been
fixed in formalin—and number three, if it has been fixed in alcohol.
In other words, when we receive specimens in the laboratory, usually we don't
know whether they are melanomas or not until after the first section has come
back. If we, therefore, store some of the suspected tissue, under what conditions
might it be best to store it?
DR. THOMAS B. FITZPATRICK (in closing): Tyrosinase is stable for 1—6 months
when tissues are kept in a deep freeze. Fixation of the tissue with alcohol or
formalin inactivates tyrosinase activity.
The autoradiographic tyrosinase studies presented today furnish evidence in
support of our hypothesis that tyrosinase is present in an active state in malig-
nant melanoma. Localization of active tyrosinase in isolated melanoma cells
and absence of tyrosinase in isolated nevus cells with the autoradiographic
method indicates that melanoma tyrosinase is more active in tyrosine incor-
poration than tyrosinase in nevus cells. The differences in tyrosine incorporation
between a melanoma cell and a nevus cell thus depend on the activity of the en-
zyme rather than the amount (concentration) of the enzyme.
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